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1. INTRODUCTION Probe pattern compensation is necessary in near-field
scanning geometry, where there is a great need to accurately know far-field
pattern at wide angular range. For example, in a recent study for the NASA
scatterometer  slotted waveguide rackr antenna, there is need for an accurate
assessment of performance at wide angles. 1 his paper presents a useful computer
simulation methodology to properly characterize the role of probe compensation
in cylindrical near-field scanning. l“hc  methociology  is applied to a linear test array
antenna and has been applied to other antenna configurations.

2. ANALYSIS Consider an idealizecj  circular aperlure probe that is modeled by its
equivalent tangential electric currents, Js, in the X1,=-O plane of the probe coordinate
system shown in Figure 1. ‘1 ho currents cm the circular aperture plane can be
written as

J.= i[, Xtlp
Ii& - kpxzp= o

(1)

The interaction between tt-w probe equivalent aperture currents and the test
antenna fields, (Ej, t{.), can bo obtained with the application of reciprocity theorem
to yield to the probe vector output pickup (neglecting multiple scattering)

In equation (2), superscripts (1 ,2) designate two orientations of the probe
necessary to construct the far-f ielci pattern of the test antenna. Specifically, F“ and
P? correspond to the probe response for the electric current, J,, oriented in the Zl,
and -yP direction respectively. Assuming a uniform current across the probe, the
integral in equation (2) is then approximated by
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1 aboratory, California Institute of ‘1 echno]ogy,  under contract with National
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P’= E,(p ,~l,z)pp@)pdpp JF’2= E~)(p,(l@Pp@@Pp (3)

‘$P %

whew  (Pr,,  $,) defines the polar coordinate in the aperture of the probe, SP,  and
EZ, E$ are the fields in cylindrical coordinate system of the test antenna computed
on the probe aperture, ‘1 he use of an idealized circular aperture probe, with
different radius, permits us to cierive a closed form expression for its far-field
radiation pattern. For a uniform n-lagnetic field, H[,, in the aperture of the probe
oriented in the yl, direction, the probe pattern is given by

(4)

and for a 90° rotation of it yields

(5)

where u=kasin(o.),  COS(U)=  sin((),,  )cos(q),, ), a is the probe radius, k is the
wavenumber ML and J,(u) is tt-;e DCSSCI  function of the first
probe pattern compensation, one needs the cylindrical wave
probe fields from the following expressions (assuming no fields
probe)

kind. To perform
expansion of the
in the back of the

(6)

where m<ka.  Similarly, cme coulcj  obtain the probe coefficients, a’,,, and b’n,, for the
other field components EIOI, ar-ld [ ‘(,l,. 1 hose results, together with the probe vector
output pickup (equaticms  3-6 are numerically evaluated) allows us to perform
computer simulated synthetic measurements, ‘1 he test antenna fields, E. and E4,
are then constructed in terms of the prctm vector output pickup and probe antenna
coefficients derived from application c)f reciprocity theorem[l  -2]

F4)(0,@)=  sinO >; j “ar~kcosO)e~n+  ii

&;(o,($) =
(7)

where r is the smallest racjius

In/<kr

sir10 ~ jn+l bn(k Coso) d“+ $
\n/<kr

enclosing tlhc test antenna and a,,, bn are given by



7; (/mso)a;  l(hx)sO) - Tf(~cos@i@osO
an(kcoso)’  -

sinpO An(kcosO)

b,,(kcoso)  = -
7;(/(  COSO) y:@OSO) - T; (k COSO)y:@OSO)

sinpO A,j(kcosO)

(8)

-w-7t
An(kcms  O) = y~,(/KX@ a;,(hosO)  - y;,(~cosO)~;)(@@

(9)

(lo)

where t I?”+n, is the hankel  functicm  of the second kind and rO is tt-le  sampling
cylinder radius. In the limit as the probe radius becomes very small, the probe
output pickup, equation (2), is the ciirect  response of the near-field at a point, that
is the response of infinitesimal hcrtzian dipole, P’= E, and P2=E+,  and no probe
compensation is needed.

3. DISCUSSION & RESULTS Useful results are generated to compare the far-field
pattern (copolar and crosspolar)  of the test antenna constructed from the
knowledge of the simulated near-field witt-l and without probe pattern compensation
and the exact results. Representative cases am shown in Figure ?. for a seven
element linear array. It has been’ found that a probe with a low directivity,  5.5dB,
aperlure  radius of 0.3L, requires little probe correction at wide angular range. A
probe with an aperture radius of 0.5?,, ancj 1X, higher directivity, needs a little if any
probe correction near the antenna tnain beam, and requires significant probe
correction at wide angle in the constructed patterns. Similar observations were
made for a highly directive test antennas. Also we note that for a highly directive
probe, e.g., a==l h, probe compensation may not be possible at the probe null since
A,, goes to zero and this is shown in Ficguro 2c.
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